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(71) We, Eaton Corporation, a cor- 
poration existing and organised under the 
laws of the State of Ohio, United States 
of America, of 100 Erieview Plaza, Qeve- 
5 land, Ohio 44114, United States of America, 
do hweby dedare the invention, for which 
we pray that a patent may be granted to 
us. and the method by which it is to be 
performed, to be particularly described in 

10 and by the following statement: — 

The present invention relates to safety 
apparatus for protecting an occupant of a 
vehicle during an accident, and concerns 
such apparatus which includes a confine- 

15 meat which is ejcpandable in the event of an 
accident to restrain movement <tf the 
occupant 

The confinement is expanded from a 
collapsed inoperative condition to an ex- 

20 panded operative condition to restrain the 
occupant When in the expanded operative 
condition, the confinement restrains or 
codiioiis forward movement of the occu- 
pant <rf the vehide during an acdden t 

25 The confinenrent is inflated betwe^ the 
occupant and a stnictural part of the vdiicte 
which the occupant mi^t engage upon 
movement of the occupant and thmby the 
confinement prevrats forceful impact of the 

30 occupant against the structural part 

Much rcseaich and development wodc 
have been directed to the design of such 
safety apparatus with the primary con- 
sidration in all <rf the weak bemg the 

35 protecti<Hi erf the occupant The present in- 
vention is directed to a further improvement 
in such safety apparatus, again with the 
primary consideration being the compilele 
protection <rf the occupant of the vemde 

40 during a collision, 

Acoordmg to the present invention, 
safety apparatus for protecting an occupant 
of a vehicle during an accident comprises 
a confinement means expandable firxmi a 

45 collapsed ccHidifion to an expanded condi- 
\Pr\ce 25p] 
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tion in which said confinement means is 
adapted to restrain movement erf the occu- 
pant of the vehide. said confinement means 
mciuding means defining a first compart- 
ment for engaging the legs of the occupant 50 
at or below the knee upon expansion of 
the con&iement means to the expanded 
conditioa and means defining a second oom- 
paiAment for engaging the torso of the occu- 
pant upon expansion of the confinem^t 
means to the expanded conditaon, means 
for effecting expansicm of the confinCTimt 
means to the expanded oonditicm xspoa the 
occurrence of an accident, and means fcM* 
causing expansion of said first compartmeitf ^ 
^or to expansion of said second compart- 
ment By having a portion of the confine- 
ment, or a compartment of the oonfinem^t, 
engage the leg of the occupant prior to a 
further portion of the ccmfin^nent en^^ng ^5 
the tonso of the oocui>ant more omiplete 
protection particularly for a front seat 
occupant of a vehicle is obtained. Engage- 
ment of a portion of the ac« of the front 
seat occupant with the confinement tcads 70 
to minimize the possibility <rf the occupant 
sliding downwardly and forwardly under 
the da^board of the vc^de. Thus, tte 
presmt invention provides apparatus which. 
"wtdlc incorporating all of the advantages of 75 
the safety apparatus heretofore developed, 
provides this addxti<mal protectiKm. due to 
the &ct that a pc»tion of the coi^^ent 
engages the kg of ^ occupant prior to 
the engagement of the iCTiaining portion 80 
of the confin^ent with the torso of the 
occupant 

A specific embodiment of the piesent 
inventiOT will now be described by way oi 
example with reference to the accompanying 

85 

drawings wliCTwn: — 

Fig. 1 is a sdiematic illustration of a 
safety apparatus constructed in accordance 
with the present invention and mounted 
beneath the dashboard of a vdiide: 90 



] 298 538 



Fig. 2 16 a schematic illustration depicting 
a confinement of the safety apparatus of 
Fig. 1 in a partially expanded condition 
m which a lower compartment or chamber 
5 of the confinement is expanded to restrain 
movement of the legs of an occupant of 
the vehicle; and . j 

Fig. 3 is a schematic illustration depicting 
the confinement in a fully expanded con- 

10 dition m which an upper ccMnpartmcnt or 
chamber is expanded to restrain movement 
of the torso of the occupant of the vehicle. 

Referring to the accompanying ^^awmgs 
there is shown a safety apparatus 10 which 

15 may be employed in various types ot 
vehicles, including automoMes, trucks, air- 
planes and the like. For purposes of lUustra- 
&n. the safety apparatus 10 is fllustra^d 
in association with an automobile 12. The 

20 safety apparatus 10 includes confinement 
means 14 which is expandable from the 
collapsed condition of Fig. 1 to the ex- 
panded condition of Fig. 3 to restrain move- 
bent of an occupant 16 of the vehicle 12 

25 during an acddent Any knovm or con- 
venient sensor assembly (not shown) is con- 
Mcted with the safety apparatus 10 and is 
operative to detect the occurrence of an 
acddent and to thereupon activate the 

30 safety apparatus to effect expansion of tlie 
confinement 14. 

The safety apparatus 10 includes a means 
for providing a flow of fluid to mflate the 
confinement 14 from the ooUapsed condition 

35 to the expanded conditkMi. In the present 
instance, this flow erf fluid is P«>v'ded by 
opening a reservoir 20 contammg Aui^under 
piessuie. To open the leservoir 20 the 
sensor assembly detonates an explosive 

40 charge (not shown) upon the occurrence of 
S^dcnt High pressure fluid then flows 
thiourfi the opening in the r^ervoir mto 
a di^r 22 which directs the flow of fluid 
into the confinement 14. ITie specific con- 

45 struction of the sensor assembly, diffuser 
22, and reservoir 20 are. per se. toowi 
and may take the form disclosed in U.:>. 
Patent No. 3.414.292. However, it is con- 
templated that sources of fluid other than 

50 the container 20 of fluid under P^^ssiue 
can be assodated with the confinement 14 
to effect inflation thereof. 

The confinement means 14 is expandea 
into engagement with the legs 28 of the 

55 occupant 16 to apply a restraining ^toce 
to the legs of the occupant to assist in 
lestraining the occirpant agamst movmg 
f orsvaidly and downwardly l>en«^ 
dashboard 30 of the vchide 12. 'Hie oon- 

fiO finement means 14 is dicn expanded mto 
engagement with the torso 34 <rf the oocu- 
pant 16 to restrain hnn agamst forward 
Movement into «igagemcnt with the dash- 
board 30 oar windscreen 36 <rf the vehicle 

65 under the influence of collision forties. 



To restrain the occupant 16 against mov- 
ing forw^ly and downwardly under the 
mfluence of collision forces, the confine- 
ment means 14 indudes a waU 37 defining 
a lower compartment or poraon 38 (Fig. 2) 
which is expanded rearwardly into engage- 
ment with the legs 28 of the occupant lb 
at or below the knee. Since the compart- 
ment 38 has a relatively small volume, it 
is quickly inflated upon the occurrence of 
an acddent to the expanded condition by 
a flow of fluid from the reservoir 20. An 
upper compartment or portion 42 (Fig. 3) 
is defined by a wall 44 which is expanded 
into engagement with the torso 34 of the w 
occupant to further restrain the occupant 
against forward movement imder the m- 
fluence of collision forces. By restraming 
movement of the legs 28 of the occupant 
with the lower chamber 38 of the confine- 
ment 14 before effecting expansion ol the 
chamber 42. the occujiant 16 is restrained 
against moving forwardly and downwardly 
beneath the confinement 14 while the rela- 
uvely large compartment 42 is bemg ex- 

^^?^ffect a sequMitial expansion of the 
compartments of the confinement means 14 
from the coUaiwed condiuon of Fig. 1 to 
the partially expanded condition of Fig. 2 95 
and then to the fully expanded cradition 
of Fig. 3. a plurality of pressure responsive 
valves 46 (only one of which is shown) 
are provided to control the flow of fluid 
from the compartment 38 to the compart- 100 
ment 4Z The valves 46 are mitially m a 
closed conditio blocking a flow of flmd 
through openings 52 c<Minectmg Uie com- 
partmrat 38 in fluid communication with 
Ibc compartment 4Z Upon the occurrence 105 
of an accident a flow of fluid from the 
reservoir 20 initiates expansion of tne 
chamber 38. . _ • * 

When the chamber 38 is inflated to the 
expanded condition (Fig 2) and the fluid HO 
pressure within the chamber has reached 
a predetermined minimum pressure. tM 
pressure responsive valves 46 are op^tca 
to an open condition to aiablc fluid to 
flow froiidie compartment 3^ throu^ ^e 115 
openings 52. into the compartment 42, To 
Kdf for this opening of the valves 46. 
eadi of the valves indudes a burnable valve 
element or Mow-ont pat^ 54 ^ich is suT^ 
stantialJy weaker than the waD 37 of the 12» 
compartoient 38. Therefore, ^e Wow-out 
patch 54 is ruptured under the influjmce 
ot a pcedetcnnmed fluid raessure withm 
the compartment 38 to effect operation of 
^ valiTassembUes 46 to the open con- 125 
ditim of Fig. 3. Once the valves 46 have 
been opened, fluid can flow ^^^^J^fi^.^he 
passages 52 from the compartment 38 to 

'""'^^^^ 42 is expanded into 130 
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engagement with the torso 34 of the occu- 
pant 16 to further restrain the occupant 
against forward movement while the legs 28 
of the occupant are being restrained by 
5 the compartment 38 of the confinement 14. 
Thus, the chamber 38 restrains the legs 
28 of the occupant against moving for^ 
wardly while the chamber 42 is being ex- 
panded. Therefore, the occupant cannot de- 

^0 fleet the confinement 14 upwardly, when 
it is in a partially expanded condition and 
slide under confinem^t into engagement 
with the dashboard 30 of the vehicle 12. 
The safety apparatus 10 is advantageously 
IS mounted breath the dashboard 30 of the 
vehicle so that the compartment 38 of the 
confinement can be quiddy expanded into 
engagement with legs 28 of the occupant 
16. As the compartment 38 is expanded 

^0 into engagement with the legs 28 of the 
occupant 16, the collapsed compartment 42 
is moved beyond a rearward edge portion 
60 of the dashboard 30 <Rg. 2) so that 
the compartment 42 is &ee to ^pand ux>' 

25 wardly and rearwaxdly into engagement 
with the torso 34 of the occupant and the 
rearward edge portion 60 of the dashboard- 
30. Thus, expansion erf the compartment 
38 moves the collapsed ocMnpartment 42 

30 from a storage position (Fig. 1) in winch 
exf^sion of the comx>artment 42 would 
be hindered by the dashboard 30 to a 
rearward position in which the compart- 
ment 42 is at least partially rearwaxdly of 

^ the dashboard 30 (Fig. 2) so that the com- 
partment is free to expand upwardly and 
rearwardly under the influence of fluid 
pressure within the compartmoit '(Fig- 3). 
Once the compartments 38 and 42 have 

40 been expanded, the confinement 14 will re* 
strain ihe occupant 16 against moving 
straig^ forwazdly against the dash- 
board 30 and against sliding forwardly 
and downwardly xaxdei iik confine- 

45 menit Thus, a learwaxd surface 64 
of the compartment 38 engages the 
fe^ of the occupant 16 below the knee 
to keep the 1^ from moving forwardly and 
downwardly. A lower surface 70 of the com- 

50 partment 42 engages the upper or thi^ por- 
ticHi of the legs 28 of the oocupam to re- 
strain the legs against upward movement. 
An ujwardly extending rearward surface 74 
of the compartment 42 engages the torso 34 

55 of the occupant 16 to resttrain him against 
movemmt into engagement with the dash- 
hoard 30 and windshield 36. If desired, a 
known blow-out patch assembly can be pro- 
vided in tlie confinement 14 to ^able fluid 

60 to be exhausted from the confinement to 
minimize rebound of the occupant there- 
from. 

In view of the foregoing description, it 
is apparent that the safety ai^E>aratus 10 hi- 
65 chides a confinement means 14 having a first 



compartment or chamber 38 which is ex- 
pandable into engagement with the legs 3f 
the occupant of the vehicle and a second 
compartment or chamber 42 which is ex- 
pandable into engagement with the torso of 70 
the occupant. The valve assemblies 46 effect 
a sequential expansion of the confinement 
14 in such a manner that the lower chamber 
38 is expanded into engagement \wth the legs 
of the occupant of the vehicle before the 75 
upper diamber 42 of the confinement 14 en- 
gages the torso of the occupant of the vehicle. 
This results in the occupant of the vehicle 
being effectively restrained against move- 
ment as a result of a collision. BO 
WHAT WE CLAIM IS:— 

1. Safety apparatus for protecting an 
occupant of a vehicle during an accident, 
said safety apparatus comprising a confine- 
ment means expandable from a collapsed 85 
condition to an expanded condition in 
^^lilch said confinement means is adapted 

to restrain movement of the occupant of ihe 
vehide, said confinement means including 
means defining a first compartment for en- 90 
gaging the legs of the occupant at or below 
the knee upon expansion of the confinement 
means to the expanded condition and means 
defining a second compartment for engag- 
ing the torso of the occupant upon expan- 95 
sion of the confinemoit means to the ex- 
panded condition, means for effecting ex- 
pansion of the confinement means to the 
expanded condition upon the occurrence of 
an accident, and means for causing expan- 100 
skm of said first compartment prior to ex- 
pansion of said second compartment 

2. Safety apparatus as set forth in claim 

1 wh^^ said means eflSecting an expan- 
sion of the confinement means includes 105 
means for providing a flow of fluid and said 
means for caudng expansion of said fii^t 
compartment prior to expansion of said 
second compartment includes means for 
controDing the flow of fluid between said 110 
compartments. 

3. Safety apparatus as set forth in daim 

2 wherein said means for controlling the 
flow of fluid indudes means defining an 
opening connecting said first compartment 115 
in fluid communication with said second 
compartment and valve means for at least 
partiaHy controlling fluid fiow from said first 
compartmem through said opening to said 
second compartment. 120 

4. Safety apparatus as set forth in claim 
2 wherein said valve means indudes burst- 
able means which initially blodcs fluid flow 
into said second compartment and bursts in 
response to the presence of a predetermined 125 
fluM pressure in said first compartment to 
enable fluid to flow into said second com- 
partment. 

5. Safety apparatus as sec forth in daim 
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3 wherein said burslable means is located 
in a portion of a wall which is disposed be- 
tween said first and second compartments 
and whidi in part defines said first and 
S second compartments. 

6. Safety apparatus as set fonh in any 
preceding claim furflier inclu<Ung means 
for supporting said confinement in the col- 
lapsed condition beneath the dashboaid of 

10 die vehicle. ^ ^ . , . 

7. Safe^ apparatus as set forth in claim 
6 wherem at least a portion ci said second 
compartment Is located rearwaidly of the 
dashboaid of the vi^ide when said confine- 
ment means is in the expanded condition. 

8. Safety a,pp&TBtas as set forth in any 
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preceding daim wherein said confinement 
ieans comprises an outer waU means and 
an inner wall dividing the chamber defined 
by the outer wall means into said first and 20 
second compartments. 

9. Safety apparatus for protecting the 
occupant of a vehicle during an accident, 
substantially as herdnbeforc described with 
refeiwice to. and as shown in. the accom- 25 
panying drawings. 

For the Applicants, 
GRAHAM WATT & CO.. 
Chartered Patent Agents. 
3 4 South Square. Gray's Inn, 
London, W.C.I. 
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